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ABSTRACT 

Water  and  Ethylene  Glycol  (EG)  blend  is  a  kind  of  conventional  heat  transfer  fluid ,  generally  used  in  many 
energy  systems ,  to  retain  the  good  heat  transfer  (heating  or  cooling )  ability  of  water ,  as  well  as  widening  the  operating 
temperature  range.  Further ,  the  enhancement  of  thermo -physical  properties  of  water/EG  blend ,  by  using  nanoparticles 
would  be  very  useful  for  the  better  performance  of  the  energy  systems.  In  the  present  study,  alumina  particles  are  used  to 
prepare  and  determine  the  thermal  conductivity  and  viscosity  of  Water  and  Ethylene  Glycol  (EG)  blend  based  alumina 
nanofluid.  It  is  observed  that ,  the  maximum  augmentation  occurs  in  the  thermal  conductivity  is  11.37%  at  1.6  Vol%,  for 
water+EG  based  Al203  nanofluids.  It  is  also  observed  that,  dynamic  viscosity  is  increased  by  10.36 %  by  1.6  Vol%,  for 
(Water  +  EG)  IA1203  nanofluid  compared  to  water  +  EG  blend.  Thermal  conductivity  and  viscosity  models  for  water  +  EG 
based  Al203  nanofluid,  are  proposed. 
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INTRODUCTION 

In  recent  years,  the  development  of  nanotechnology,  enables  to  emerge  a  new  class  of  heat  transfer  fluid, 
which  is  a  colloidal  dispersion  of  nanoparticles  (<  lOOnm  size)  and  base  fluids,  called  nano  fluid.  The  main  reason  to 
focus  on  nanofluid  is  its  superior  thermo  physical  property  improvement,  especially  thermal  conductivity  and  it 
further  leads  to  improve  the  heat  transfer  capability  of  the  base  fluid.  This  characteristic  improvement  ensures  the 
nanofluid  application,  in  different  areas  such  as  electronic  cooling,  solar  energy  systems,  automobile  engine 
cooling,  heating  and  cooling  of  buildings,  etc.  Generally,  water  and  Ethylene  Glycol  (EG)  is  used  as  heat  transfer 
fluids,  among  the  other  liquids.  But,  water  cannot  be  used  at  very  high  or  lower  temperatures,  due  to  its  low  boiling 
and  freezing  points,  eventhough,  it  is  having  high  thermal  conductivity,  compared  to  EG.  So,  water  and  Ethylene 
Glycol  blend  is  always  used  as  a  commercial  heat  transfer  fluid,  in  different  heat  transfer  applications,  for  wider 
temperature  range.  In  this  study,  water  and  EG  is  used  as  carrier  fluid,  and  alumina  nanoparticles  are  used  for 
synthesizing  the  nanofluids  in  different  volume  concentrations,  for  improving  thermo  physical  properties.  It  is  very 
much  necessary  to  know  the  thermo  physical  properties  of  nanofluids,  before  it  is  used  for  heat  transfer 
applications.  Maxwell  [1],  proposed  a  model  for  determining  the  thermal  conductivity,  for  the  liquid  blend  having 
nanoparticles.  Wasp  [2],  proposed  a  model  for  thermal  conductivity  of  solid-liquid  slurry.  Ravikanth  et.al  [3], 
experimentally  determined  the  thermal  conductivity  for  three  types  of  nanofluids,  and  proposed  a  new  correlation 
which  is  a  function  of  temperature  and  nanoparticle  volume  fraction.  Abdolbaqi  et.al  [4],  experimentally 


www.tjyrc.ors 


editor  @tjprc.  org 


Original  Article 


184 


Ravi  Babu.  S  &  Sambasiva  Rao.  G 


investigated  the  thermal  conductivity  and  viscosity  of  BioGlycol/water  based  Si02  nanofluids,  and  developed  new 
correlations.  Syamsundar  et.al  [5],  conducted  an  experimental  study,  to  measure  thermal  conductivity  and  viscosity  of 
water  based  nanodiamond  (ND),  nanofluids  and  proposed  correlations.  Table.  1,  shows  the  correlations  proposed  for 
thermal  conductivity  by  the  researchers. 


Table  1:  Thermal  Conductivity  Models  Proposed  in  the  Literature 


Researcher  Group 

Proposed  Correlations/Models 

Maxwell  [1] 

v  _  kp  +  2 kbf  +  2 (kp  -  kbf  )</>  ^ 
kp  +  2kbf  ~(kp  -kbf)</>  b’ 

Wasp  model  [2] 

_  k„  +  2kbf  -2(k„,  -  kp)</>  ^ 
kp  +  2kbf+(kbf-kp)</>  bf 

Ravikanth  S.  et.al  [3] 

k  +  2  khf  -  2  (khf  -  k  n  )(b  ,  „  1  JcT 

knf  =  p  »f  K  kbf  +  5xl04j3</>p  bfCpbf  f(T,</>) 

'  kp  +  2kbf  +2(kb,  -  kp)0  bf  ^  *  pb,\ppdpJy 

)  =  (2.8217  x  10  '%  +  3.917  x  10  _3 )  —  +  (-3.0669  x  10'% -3.917  xlO-3) 
7oy 

Abdolbaqi  et  al  [4] 

II 

X 

VO 

VO 

r^rxf^r 

L  100  J  (  100  J 

Syam  Sunder  et.al  [5] 

knf  =  kbf  X  1  -041 

0.0%  «&<  1.0%, 

(1  1  ^  'Giin  ^  0.0539 

_  ^max 

Tmin=293  K,  Tmax  =333  K 

Table  2:  Viscosity  Models  Proposed  in  the  Literature 


Researcher  Group 

Proposed  Correlations/Models 

Brinkman  [6] 

Kf  =/Mwr2'5 

Gherasim  [7] 

M,„  =0.904 Mbfe1^ 

Brownian  [8] 

/V=/V(l  +  2.5*»  +  6.17^) 

Nguyen  [9] 

1  +  O.O250+O.O15^2) 

Maiga  [10] 

junf  =^(1  +  7.3^  +  123^) 

Einsten  [11] 

Mnf  =/V  (1+2.50) 

Pak  and  cho  [12] 

ju„f=Mbf(  1  +  39.110  +  533.902) 

Brinkman  [6],  proposed  the  correlation  for  dynamic  viscosity  of  concentrated  suspensions  and  solutions. 
Gherasim  [7],  did  an  experimental  investigation  of  nanofluids,  in  confined  laminar  radial  flows  and  also  measured 
viscosities  proposed  correlation.  The  hydrodynamic  behavior  of  the  suspension  of  polar  particles,  is  experimentally 
observed  by  Orozco  [8].  Nguyen  et.al  [9],  synthesized  and  determined  the  Viscosity  data  for  A1203-  water  nanofluid,  and 
proposed  the  model  using  regression  correlation.  Maiga  et.al  [10],  Einsten  [11],  Pak  and  Cho  [12],  also  proposed  the 
correlations  for  viscosity.  The  models  for  viscosity,  proposed  by  various  researchers  in  the  literature  are  shown  in  Table  2. 

SYNTHESIS  AND  CHARACTERIZATION 

In  this  study,  nano  fluid  is  synthesized  using  the  two  step  method.  Water,  EG  are  taken  in  3  :  1  ratio  and  mixed 
directly,  to  prepare  the  carrier  fluid.  Two  step  method,  preparation  of  nanoparticles  is  to  be  done  initially,  and  mixing  them 
with  the  base  fluid  will  be  done  later.  a-Al203  nanoparticles  (99.5%  purity),  were  purchased  from  Nano  Labs,  India.  The 
purchased  alumina  particles  are  having  an  average  size  of  30-50nm.  Alumina  nanoparticles  are  dispersed  into  the  DM 
water,  and  the  EG  blend  in  the  required  quantity,  to  obtain  the  desired  volume  fraction  of  nanofluid,  and  stirring  is  done  in 
1  hour,  using  a  magnetic  stirrer.  The  amount  of  the  nanoparticles  to  be  added,  making  the  nanofluid  can  be  calculated, 
using  the  following  relation  (1). 
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%  volume  fraction 


Volume  of  nanoparticles 
Volume  of  nanoparticles+Volume  of  base  fluid 


(1) 


After  magnetic  stirring  is  done,  a  surfactant  (sodium  dodecyl  sulfate  (SDS))  of  0.01  Vol%  is  added  to  the 
nanofluid.  The  nanofluid  is  then  sonicated,  using  an  Ultrasonic  sonicator  (Oscar  Electronics  Make),  at  20  KHz  frequency, 
for  span  of  3  hours  to  break  agglomerations  occurred,  and  gets  the  stable  suspension.  XRD  analysis  of  alumina 
nanoparticles,  is  shown  in  Figure  1. 


10  15  20  2  5  30  *15  40  45  50  55  00  65  70  75  m 

20  (*) 


Figure  1:  XRD  Analysis  of  A1203  Nano  Particles  [14] 

EXPERIMENTS 

TAGUCHI  method  is  one  of  the  best  tools,  for  designing  a  system  in  the  systematic  approach,  to  find  out  the 
optimal  settings  of  parameter  to  produce  results  with  minimum  variation.  This  method  helps  to  carry  out  a  limited  number 
of  experiments,  to  achieve  accurate  results.  The  method  is  good  to  adapt,  when  the  parameters  were  qualitative  and  discrete 
in  nature.  Experiments  are  planned  to  conduct,  according  to  the  L25  orthogonal  array  of  various  combinations  of  process 
parameters,  volume  fraction  and  temperature  at  various  levels  (1-5),  given  by  TAGUCHI  design  of  experiments,  using 
MINITAB  Software. 

MESAUREMENT  OF  THERMAL  CONDUCTIVITY 

In  the  present  study,  A  KD2-Pro  analyzer  (Decagon  Devices  Inc.,  USA)  was  used  to  measure  the  thermal 
conductivity  of  water  /  EG  mixtures  based,  alumina  nanofluids.  This  instrument  is  popularly  used  for  thermal  conductivity 
measurements  and  it  works  on  transient  hot  wire  method.  It  has  60  mm  long  and  1.3  mm  diameter,  KS-1  which  served  both 
as  a  temperature  sensor  and  line  heat  source.  Test  sample  was  placed  in  a  constant  temperature  water  bath  vertically,  and 
the  probe  was  completely  immersed  in  the  nanofluids.  The  vessel  and  probe  were  maintained  at  the  required  temperature, 
for  15  min  to  reach  steady  state  before  each  measurement,  to  get  accurate  results.  This  instrument  was  calibrated  with  the 
known  thermal  conductivity  of  water,  at  each  and  every  temperature,  and  errors  were  within  ±0.25  %  range,  compared  to 
Incropera  and  Dewitt  data  [13]. 
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Figure  2:  KD2  Pro  Thermal  Analyzer 
MESAUREMENT  OF  VISCOSITY 

In  the  past  literature  Viscometers  and  rheometers  were  used,  to  measure  the  viscosity  of  the  nanofluids.  In  this 
study,  digital  Brookfield  Viscometer  (make:  Ktek  analytics,  India.),  with  the  spindle  speed  in  the  range  of  0  to  1000  rpm,  is 
used  for  measuring  the  viscosity  of  the  nanofluid,  for  different  particle  loading  and  at  different  temperatures,  and  is  shown 
in  Figure  2.  Before  starting  the  measurements  with  the  nanofluid,  the  rheometer  was  calibrated  with  the  known  viscosity  of 
water,  at  each  and  every  temperature,  and  errors  were  within  +  0.5  %,  compared  to  Incropera  and  Dewitt  data  [13].  Water  + 
EG  based  alumina  nanofluids  are  tested  at  shear  rates,  from  200  to  500  s'1. 


Figure  3:  Brookfield  Viscometer  Apparatus 

RESULTS 

Thermal  Conductivity 

Experiments  were  conducted  to  determine  the  thermal  conductivity  of  water  +  EG  based  alumina  nanofluid,  for 
various  nanoparticle,  loading  from  0.2  to  1.6  Vol%  and  at  different  temperatures,  from  30  °C  to  70  °C.  It  is  observed  that, 
the  thermal  conductivity  is  increased  with  the  addition  of  alumina  nanoparticles,  and  the  thermal  conductivity  improvement 
is  increased  with  the  increase  in  nanoparticle  loading.  The  maximum  enhancement  is  observed  at  11.37%,  for  water+EG 
based  alumina  nanofluid. 
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Table  3:  Experimental  and  Predicted  Effective  Thermal  Conductivity  for 
Various  Particle  Loading  and  Temperatures 


Vol.  Fraction  O 

Temperature  (°C) 

& 

Experimental  Knf  /  Kbf 

Predicted  Knf  /  Kbf 

Error  % 

0.2 

30 

0.04 

1.015697138 

1.010342 

0.527238 

0.2 

40 

0.04 

1.016117414 

1.013582 

0.24952 

0.2 

50 

0.04 

1.013245033 

1.016822 

-0.35302 

0.2 

60 

0.04 

1.015411406 

1.020062 

-0.458 

0.2 

70 

0.04 

1.020180335 

1.023302 

-0.30599 

0.4 

30 

0.16 

1.028070175 

1.023248 

0.469051 

0.4 

40 

0.16 

1.028273006 

1.026488 

0.173593 

0.4 

50 

0.16 

1.02781457 

1.029728 

-0.18616 

0.4 

60 

0.16 

1.030909882 

1.032968 

-0.19964 

0.4 

70 

0.16 

1.033920137 

1.036208 

-0.22128 

0.8 

30 

0.64 

1.049307479 

1.049912 

-0.05761 

0.8 

40 

0.64 

1.048082118 

1.053152 

-0.48373 

0.8 

50 

0.64 

1.053421634 

1.056392 

-0.28197 

0.8 

60 

0.64 

1.058772312 

1.059632 

-0.0812 

0.8 

70 

0.64 

1.068699012 

1.062872 

0.545244 

1 

30 

1 

1.06278855 

1.06367 

-0.08294 

1 

40 

1 

1.060687916 

1.06691 

-0.58661 

1 

50 

1 

1.067549669 

1.07015 

-0.24358 

1 

60 

1 

1.074793209 

1.07339 

0.130556 

1 

70 

1 

1.082868184 

1.07663 

0.57608 

1.6 

30 

2.25 

1.100184672 

1.0993075 

0.07973 

1.6 

40 

2.25 

1.101206555 

1.1025475 

-0.12177 

1.6 

50 

2.25 

1.101986755 

1.1057875 

-0.3449 

1.6 

60 

2.25 

1.109621245 

1.1090275 

0.053509 

1.6 

70 

2.25 

1.113782739 

1.1122675 

0.136044 

From  the  regression  analysis,  the  thermal  conductivity  correlation  is  developed,  based  on  the  parameters  like 
Volume  fraction,  Temperature,  Volume  fraction  *  Volume  fraction  as 


Nanofluid  Thermal  conductivity 

Knf  =  Kbf  (0.988  +  0.06240  +  O.OO35502  +  0.0003247)  (2) 


Table  3,  shows  the  experimental  and  predicted  values  of  thermal  conductivity  of  water  +  EG  based  alumina 
nano  fluid,  for  various  nanoparticle  loading  from  0.2  to  1.6  Vol%,  and  at  temperatures  of  30  °C  to  70  °C.  It  is  identified 
that,  the  maximum  percentage  error  is  -0.58%.  Figure  2,  shows  the  comparison  between  experimental  and  predictive 
effective  thermal  conductivities. 
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Experimental  (Keff) 


Figure  4:  Comparison  of  Experimental  and  Predictive  Effective  Thermal 
Conductivity  of  Water  +  EG  Based  Alumina  Nanofluid 

VISCOSITY 

Experiments  were  conducted  to  determine  the  viscosity  of  water  +  EG  based,  alumina  nanofluid  for  various 
nanoparticle  loading,  from  0.2  to  1.6  Vol%  and  at  different  temperatures,  from  30  °C  to  70  °C.  It  is  observed  that,  the 
viscosity  is  increased  with  the  addition  of  alumina  nanoparticles,  and  the  viscosity  improvement  is  increased  with  the 
increase  in  nanoparticle  loading.  The  maximum  enhancement  is  observed  at  10.36%,  for  water+EG  based  alumina 
nanofluid. 

From  the  regression  analysis,  the  viscosity  correlation  is  developed,  based  on  the  parameters  like  Volume  fraction, 
Temperature,  Volume  fraction  *  Volume  fraction  as 

Nanofluid  viscosity 

jUnf  =  jUbf  (0.994  +  0.04570  +  O.O14502  -  0.00000017)  (3) 


Table  4:  Experimental  and  Predicted  Effective  Viscosity  for  Various  Particle  Loading  and  Temperatures 


Vol.  Fraction  O 

Temperature  (°C) 

<i>2 

Experimental  pnf  /  pbf 

Predicted  pnf  /  pbf 

Error  % 

0.2 

30 

0.04 

1.005 

1.00372 

0.127363 

0.2 

40 

0.04 

1.005 

1.00372 

0.127363 

0.2 

50 

0.04 

1.005 

1.00372 

0.127363 

0.2 

60 

0.04 

1.005 

1.00372 

0.127363 

0.2 

70 

0.04 

1.005 

1.00372 

0.127363 

0.4 

30 

0.16 

1.01505 

1.0146 

0.044333 

0.4 

40 

0.16 

1.01505 

1.0146 

0.044333 

0.4 

50 

0.16 

1.01505 

1.0146 

0.044333 

0.4 

60 

0.16 

1.01505 

1.0146 

0.044333 

0.4 

70 

0.16 

1.01505 

1.0146 

0.044333 

0.8 

30 

0.64 

1.033535 

1.03984 

-0.61003 

0.8 

40 

0.64 

1.033535 

1.03984 

-0.61003 

0.8 

50 

0.64 

1.033535 

1.03984 

-0.61003 

0.8 

60 

0.64 

1.033535 

1.03984 

-0.61003 

0.8 

70 

0.64 

1.033535 

1.03984 

-0.61003 

1 

30 

1 

1.061235 

1.0542 

0.662907 

1 

40 

1 

1.061235 

1.0542 

0.662907 

1 

50 

1 

1.061235 

1.0542 

0.662907 
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1 

60 

1 

1.061235 

1.0542 

0.662907 

Table  4  :  Contd., 

1 

70 

1 

1.061235 

1.0542 

0.662907 

1.6 

30 

2.56 

1.103684 

1.10424 

-0.05038 

1.6 

40 

2.56 

1.103684 

1.10424 

-0.05038 

1.6 

50 

2.56 

1.103684 

1.10424 

-0.05038 

1.6 

60 

2.56 

1.103684 

1.10424 

-0.05038 

1.6 

70 

2.56 

1.103684 

1.10424 

-0.05038 

1.12- 
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Figure  5:  Comparison  of  Experimental  and  Predictive  Effective 
Viscosity  of  Water  +  EG  Based  Alumina  Nanofluid 

Table  4,  shows  the  experimental  and  predicted  values  of  viscosity  of  water  +  EG,  based  alumina  nanofluid,  for 
various  nanoparticle  loading  from  0.2  to  1.6  Vol%,  and  at  temperatures  of  30  °C  to  70  °C.  It  is  identified  that,  the 
maximum  percentage  error  is  -0.66%.  Figure  5,  shows  the  comparison  between  experimental  and  predictive  effective 
viscosities. 

CONCLUSIONS 

Thermo-  Physical  properties  of  water  +  EG  based  A1203  nanofluid,  like  thermal  conductivity  and  dynamic 
viscosity  were  measured,  for  different  volume  concentrations  of  nanoparticles,  from  0  Vol  %  to  1.6  Vol%.  It  is  observed 
that,  the  maximum  augmentation  occured  in  the  thermal  conductivity  is  11.37%,  at  1.6  Vol%  for  water  +EG  based  A1203 
nano  fluids.  It  is  also  observed  that,  dynamic  viscosity  is  increased  by  10.36%,  by  1.6  Vol%,  for  Water  +  EG  /A1203 
nano  fluid,  compared  to  water  +  EG  blend. 

Thermal  conductivity  and  viscosity  models  for  water  +  EG  based  A1203  nanofluid,  are  proposed  as 

Knf  =  Kbf  (0.988  +  0.06240  +  O.OO35502  +  0.0003247) 


www.tjyrc.ors 


editor  @tjprc.  org 


190 


Ravi  Babu.  S  &  Sambasiva  Rao.  G 


junf  =nbf  (0.994  +  0.0457^  +  0.0145^2  -0.000000 IT) 
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